The decision to attempt a percutaneous airway in a recognised 'Can't Intubate, Can't Oxygenate' (CICO) situation may occur too late to avoid a poor outcome. Our study was designed to investigate the effect of high-fidelity simulation on the confidence and decision-making ability of anaesthesia trainees in managing CICO scenarios in subsequent simulation. Nine anaesthesia trainees from Logan Hospital participated. Pre-study questionnaires surveying confidence levels in various anaesthetic crises were completed. All participants underwent an education session based on algorithms developed for failed intubation and ventilation, and techniques for securing percutaneous airway access. However, only four of the nine participated in a high-fidelity simulation session. All nine participants were then filmed during 'mini-simulation' assessment sessions and completed post-study questionnaires identical to those at the commencement of the study. The four trainees who had undertaken the initial high-fidelity simulation had a lower median time to laryngeal mask airway attempt (60 versus 115 seconds) and time to percutaneous airway attempt (111 versus 172 seconds) in the subsequent simulation. The median number of deviations from the Difficult Airway Society algorithm was 0 for the simulation group compared to 1 for the non-simulation group. This small study suggests that high-fidelity simulation shortens the decision-making time of anaesthesia trainees in subsequent simulated CICO scenarios. This observation warrants follow-up in larger prospective trials.
'Can't Intubate, Can't Oxygenate' (CICO) events are rare but serious emergencies in anaesthesia, estimated to occur in a minimum of one in 50,000 cases 1 . When all supraglottic rescue techniques fail to appropriately oxygenate a patient, anaesthetists must be prepared to secure percutaneous emergency airway access 2 . The decision to attempt a percutaneous airway in a recognised CICO situation may occur too late to avoid a poor outcome 3 .
The literature with regard to the use of simulation to teach technical and non-technical skills is variable. A Canadian study of consultant anaesthetists showed no improvement in adherence to a difficult airway algorithm after high-fidelity simulation, but suggested that simulation may have helped participants recognise the necessity for infraglottic intervention 4 . Conversely, a British study found that simulationbased training improved adherence to Difficult Airway Society (DAS) algorithms and technical skills among anaesthetists 5 .
Human factors are now well-recognised contribtors to adverse outcomes in healthcare. Over two decades ago, simulation-based curricula were developed for teaching in anaesthesia based on the principles of crew resource management in aviation 6 . Courses such as the Emergency Management of Anaesthetic Crises 7 are now compulsory for Australian and New Zealand College of Anaesthetists trainees and focus primarily on non-technical skills. In relation to CICO situations, the United Kingdom Fourth National Audit Project, Major complications of airway management in the UK, noted that "training programmes could usefully emphasise behavioural aspects of cricothyroidotomy as equally as important as technical training" 1 .
The aim of our study was to investigate the effect of high-fidelity simulation on the confidence and decision-making ability of anaesthesia trainees in managing CICO scenarios in subsequent simulations.
METHODS
Ethics approval was obtained from the Metro South Human Research Ethics Committee, Brisbane, Australia (Approval Number HREC/12/QPAH/358). All anaesthesia trainees from the Department of Anaesthesia at Logan Hospital were invited to participate in the study. One declined to participate, and written informed consent was obtained from the remaining nine trainees. The participants completed a pre-study questionnaire after consent was obtained (Appendix 1).
The first phase of the study involved an education session based on the DAS guidelines 8 for failed ventilation and failed rapid sequence induction, as well as practical skills with regard to obtaining percutaneous airway access (cannula cricothyroidotomy and scalpel-bougie technique, performed on a low-fidelity simulation manikin) and jet ventilation. This was conducted as part of the anaesthetic department's regular registrar education session by a consultant anaesthetist with an interest in airway management.
A month after the initial education session, four of the nine trainees participated in a 'high-fidelity' simulation session. They were chosen arbitrarily based upon roster availability. The simulation manikin SimMan ® 3G (Laerdal, Oakleigh, Victoria, Australia) was used for all simulations. Participants were filmed with their written consent.
The simulation scenario is described in Appendix 2 and involved the induction of anaesthesia in an obese woman for elective total abdominal hysterectomy. Initially, two trainees were present for the induction of anaesthesia and could call for help if required. The other two trainees then joined the scenario. They were able to use whatever drugs they requested and could ask the simulation coordinator for extra information as required. Given the number of medical staff participating, the participants were informed that their anaesthetic nurse had become acutely unwell and they would be assisting each other in the scenario.
An anaesthetic machine from the operating theatres was brought into the simulation room and connected to piped gases. Monitoring included electrocardiogram, non-invasive blood pressure, pulse oximetry and end-tidal oxygen and carbon dioxide. Equipment available included facemasks, an Air Viva, suction, a laryngeal mask airway size 4 (appropriately sized for the manikin) (LMA ™ , San Diego, CA, USA), endotracheal tubes sizes 6 to 8.5, Macintosh blades sizes 3 and 4, a stylet and a bougie. If extra equipment was requested-for example, the C-MAC ® video laryngoscope (Karl Storz, Tuttlingen, Germany) or a bronchoscope-participants were informed that this equipment was unavailable. The inability to use this equipment was scripted to have not altered the outcome of the scenario.
The CICO scenario on the manikin was simulated by producing neck and jaw stiffness, applying maximum tongue oedema and pharyngeal obstruction with bilateral lung resistance. If the participants attempted insertion of a laryngeal mask airway, the tongue oedema was released in order to allow the placement of the airway, but ventilation was still not possible. The oxygen saturations slowly fell after about two minutes of apnoea, with heart rate initially increasing and then falling as hypoxia worsened.
The endpoint of the scenario was the decision to perform a percutaneous airway. The participants underwent a debriefing session with the intensive care consultant who was running the simulation.
Two sets of 'mini-sim' assessment sessions were conducted three and four weeks after the highfidelity simulation session, in which all nine trainees individually participated in identical CICO scenarios and were filmed while doing so. The purpose of the 'mini-sim' sessions was to collect data relating to the achievement of several goals by the trainees who had undergone previous high-fidelity simulation and by those who had not. The new scenario was that of a male patient undergoing emergency laparoscopic appendicectomy (Appendix 3). The simulation manikin and equipment available were identical to that of the previous simulation. However, an anaesthetic assistant was provided (intensive care nurse) and the anaesthetic machine was not present. Participants could call for help, but no-one was immediately available in the scenario. During the week following the assessment simulations, the participants completed a post-study questionnaire identical to that which they had all completed at the commencement of the study.
As this was an observational study with small numbers, no inferential statistical analysis was undertaken. Only descriptive statistics were used.
RESULTS
Demographic data are provided in Table 1 . There was a notable difference in the cumulative years of anaesthetic experience, skewed due to one participant in the simulation group having had nine years of experience. Otherwise the groups appeared to be similar, and importantly no participants had previously performed a percutaneous airway.
The times of the individual participants to achieve certain goals in the mini-simulation assessment phase are given in Table 2 . There were a few instances in which times were not available due to participants not performing certain tasks at all (e.g. calling for help). In this situation, imputation of missing times was based on the group median. However, to take into account differences between the participant with the missing time and the participants with available times, we adjusted the group median by the ratio of the participant's available times for the other outcomes to the group medians for those outcomes.
There were differences in the median times for all timed goals between trainees who had undertaken the previous high-fidelity simulation and those who had not. These were all in favour of the simulation group. The most notable differences were between the 'time to LMA attempt' at 60 seconds for the simulation group compared to 115 seconds for the non-simulation group, and 'time to percutaneous airway' at 111 seconds for the simulation group versus 172 seconds for the non-simulation group. The median number of deviations from the DAS algorithm was 0 for the simulation group compared to 1 for the non-simulation group.
The questionnaire scores for the two groups are provided in Table 3 . The mean and standard deviation of the change in confidence scores (0 being not at all confident to 10 being the most confident) prestudy and post-study participation are given. Most notably, the mean change in 'confidence in managing anaesthetic crises' was 1.25 in the simulation group compared to 0.4 in the control group. The 'confidence in managing can't intubate, can't oxygenate' scores were a mean change of 0.25 in the simulation group and 0.8 in the control group. The 'confidence in performing a percutaneous airway' scores were a mean change of 0.75 in the simulation group and 1.2 in the control group. 
DISCUSSION
Our study in a small group of anaesthesia trainees suggests that simulation appears to shorten the time to decision-making in a subsequent simulated CICO scenario. Participation in high-fidelity simulation also improved the participants' self-reported confidence in managing anaesthetic crises overall, although this effect was very small (<1 on a scale of 0 to 10). However, this was a small observational study and any findings should be interpreted with caution.
It is a challenge to generate outcome measures that are an objective reflection of good clinical practice, particularly in a simulation setting 9 . The design of our study was similar to that by Borges et al 4 . Their major outcome measures were deviations from the American Society of Anesthesiologists difficult airway guidelines, time to start cricothyroidotomy and time to achieve ventilation. In our study, the highfidelity simulation group had a median number of deviations from the DAS CICO algorithm of 0, compared to the control group of 1. The times to achieve certain goals relevant to CICO situations were generally faster in the highfidelity simulation group. However, effective management of a difficult airway is not entirely time-dependent, and is not simply about securing a percutaneous airway as quickly as possible. Forrest et al 10 used the Delphi technique to gain consensus from consultant anaesthetists about technical tasks during induction of general anaesthesia. From this, they then developed a technical scoring system to assess their participants. They found it was a valid and reliable system to document and assess changes in clinical performance, although cumbersome to perform. A method such as this may provide more valid and reproducible data in future studies.
The questionnaire scores are difficult to interpret and provide mixed results. The questionnaire design was similar to that used by Tomic et al 11 in their study of medical students, which incorporated self-reported confidence scores. The mean change in scores of confidence for managing a CICO scenario, and for performing a percutaneous airway, were actually slightly larger in the control group, although the size of the change was extremely small in both groups and may not be large enough to be clinically relevant. In any event, the differences between the groups were not subject to statistical comparison.
The main limiting factor in this study was the small number of subjects. This was mainly due to the number of anaesthesia trainees actually working at the study site during the study period. The small size of the study limited the data available and the opportunity for inferential statistical analysis. The use of descriptive statistics alone limited the interpretation and generalisability of the results in our study. The differences between the groups may have been due to chance alone. Observations can be made, however, which are of interest and would be worth following up in a larger study, generating larger datasets on which a more thorough statistical analysis could be performed.
There are other confounders in this study. The variability among the trainees with regard to their years of anaesthetic experience was impossible to balance in a small study group. The high-fidelity simulation group had a longer cumulative anaesthetic experience, and this may have influenced the results. It is also possible that the high-fidelity simulation group showed improved performance in the mini-simulation assessments due to familiarity with the manikin and simulation setting. The participants were not questioned in relation to their pre-study experience with simulator training, but this may also be a confounding variable. In addition, the follow-up period of the study was limited and therefore it is unknown how long the effects observed may last.
Castanelli concluded that there is a growing body of evidence to support the use of simulation to teach procedural skills in anaesthesia 12 . Some have suggested repetition of technical airway training programs at intervals of no longer than six months 13 . Opportunity for practise of technical skills in everyday practice may come more readily and be more 'electively' available than the opportunities to practise non-technical skills. Similarly, non-technical skills have a vital role in anaesthetic practice 14 , and there is no reason to believe that these require repetition at longer intervals than for technical skills. Courses such as Emergency Management of Anaesthetic Crises, while beneficial, are not practical to access on a regular basis due to cost, course availability and service commitments of trainees.
Kneebone et al have proposed providing access to simulation alongside the clinical workplace as a dynamic to-and-fro process, arguing for a "conceptual synthesis of simulation with the reality which it seeks to reflect" 15 . There certainly seems to be a demand among trainees participating in this study for frequent simulator-based training. This study was performed in a medium-sized peripheral hospital, without funding or extra resources provided. It shows that the teaching of non-technical skills is possible in a 'typical' hospital environment, working around availability of consultant staff, trainees and equipment. It would easily be possible to run a simulation session once a month, at each time focusing on a different type of anaesthetic crisis and covering both technical and non-technical skills.
This small pilot study suggests that high-fidelity simulation appears to shorten the decision-making times of anaesthesia trainees in subsequent simulated CICO scenarios. High-fidelity simulation may also contribute to an overall increase in confidence of trainees in managing anaesthetic crisis scenarios, although this effect appears to be small. While larger, more highly powered studies are warranted, our preliminary findings support the use of highfidelity simulation for anaesthesia training in CICO management.
